Water exchange through the Kerch Strait plays a fundamental role in formation of the hydrological, hydrochemical and hydrobiological regimes in the adjacent sea areas. This article examines features of water exchange through the Kerch Strait for various types of the atmospheric impact. The numerical hydrodynamic model ADCIRC was used. The results of numerical modeling of currents and sea level in the Azov -Black Sea basin on the non-uniform computational grid concentrated in the strait were used as the input data. The authors identified the ranges of wind directions at which water exchange through the strait is the most intense; and revealed the relationship between the maximum values of forward and reverse water flux with wind speed. The characteristics of free oscillations in the strait that occur after the wind stops were studied. Simulations show that the wind field generated by an atmospheric cyclone intensifies the total water exchange through the strait when of the cyclone passage speed decreases. The results of calculating water flow in the strait for real synoptic situations are consistent with the estimates obtained by other authors from the field data. The data from the WRF mesoscale meteorological model were used as atmospheric forcing. It was shown that the maximum water flux during storm period is 11000-16000 m 3 /s at the mean currents velocity ~ 0.6-0.9 m/s.
duce distortions into the simulation results are applied. In this article, the problem of liquid boundaries is solved by using the entire Azov-Black Sea basin as the computational domain. The problem requires large amounts of computation and high-performance computing systems for its solution.
The purpose of this work is to study water exchange through the northern narrowness of the Kerch Strait for various types of the atmospheric impact within the range of synoptic variability on the basis of model data.
Numerical model. To calculate the fields of currents and sea level in the Azov -Black Sea basin, the numerical hydrodynamic model Advanced Circulation Model for Shelves Coasts and Estuaries (ADCIRC) is applied. A detailed description of the model and the results of its application are given in [10] [11] [12] [13] . The model ADCIRC validation according to the observations of the Azov Sea level was carried out in [14, 15] . The basic equations are defined as follows 
here x, y and t are horizontal coordinates and time; U, V are the mean depth components of the current velocity vector along the x and y axes, respectively; η is the deviation of the free surface of the sea from the undisturbed state; f is the Coriolis parameter; g is the gravity acceleration; Pa is atmospheric pressure; ρ0 is the mean water density; H = h + η is the dynamic depth, h is the sea depth;
are the components of horizontal turbulent viscosity; Ah is the coefficient of horizontal turbulent viscosity, ∆ is the Laplace operator with respect to variables x and y; UH q x = , VH q y = are the components of the water flux.
The tangential stress components in (1), (2) are defined by the following expressions:
where ρа is the air density; Wx, Wy are the components of the near-surface wind velocity; Ca, Cd are the surface and bottom friction coefficients. The numerical algorithm is based on the finite element method, using triangular elements and linear basic functions. To prevent the appearance of computational noise in the numerical integration of the system (1) -(3), the last equation is written in the form of the so-called Generalized Wave Continuity Equation (GWCE) [11] Taking into account the mentioned limitations, the weight factor τ0 in equation (6) was taken to be 0.005. To simplify the problem, the contribution of the river discharge in the simulation of hydrodynamic fields was not taken into consideration.
Port Krym -Port Kavkaz section position is shown in Fig. 1 . Length of section L is approximately 4 km. Water exchange calculations were carried out according to the computed hydrodynamic fields in the following way. First, the components of the water flux vector and the sea level in the section were defined by linear interpolation. Then, the instantaneous water flux (Q), the mean currents velocity (VN) and mean sea level (SL) were calculated by integration along the right line L: respect to the x axis, directed to the east counter-clockwise. Thus, when Q > 0, the total water flux is directed to the Sea of Azov (direct flux), when Q < 0 -to the Black Sea (the reverse flux). For the direct and reverse fluxes, the notations QA and QB are used, respectively. In the first cycle of numerical experiments, the effect of the direction (θ ) of the space-homogeneous wind over the water exchange through the Kerch Strait was analyzed. The problem was solved with zero initial conditions. We assumed that when t > 0, the wind starts to act on the basin surface; its velocity increases linearly from 0 to W0 within 12 hours and then remains unchanged. For each fixed θ, the total integration time was 48 h, which corresponds to the typical time of action of stable winds over the Azov -Black Sea basin. One can see that in the time interval 0 -12 h a Q increases to ± 7500 m 3 /s, followed by stabilization. These curves show slight fluctuations with an inertial period due to the rotation of the Earth. The curves C1 -C4 correspond to the minimum values of Q, when the wind direction is close to the zonal one. The inertial fluctuations are also traced on these curves, but their sweep is much larger as compared to the curves B1 and B2. Thus, wind direction greatly affects the water exchange in the Kerch Strait. The ranges of wind directions with the maximum and minimum values of QA and QB are found. When the wind direction is close to the zonal, the water exchange is minimal. In this case, the role of inertial oscillations increases. For all the considered values of W0, the qualitative form of the time dependence Q does not change.
Water exchange features through the Kerch Strait, which appeared after the abrupt termination of the wind, were also analyzed. As in the previous calculations, for the first 12 hours wind velocity increased linearly from 0 to W0 and further remained constant for 36 hours. After that it was assumed to be zero and the integration was carried out for 72 hours of model time. Fig. 4 shows time dependencies of Q after the wind effect termination (48 h ≤ t ≤ 120 h). Analysis of the curves shows that during the first day there are sharp changes of Q due to the abrupt termination of the wind effect and accompanied by a change in the sign of Q. Then there is a regime of free oscillations with attenuation. Under the meridional direction of the wind (the curves C1 and C2), the period of these oscillations is 10-12 hours. Under the zonal winds (the curves C3 and C4), the period of oscillations is close to the inertial one. In both cases, the range of Q oscillations is relatively small. In the middle currents, these oscillations manifest themselves in the form of VN fluctuations, equal to ~ 0.02-0.03 m/s. It can be assumed that the period τ is induced by longitudinal seiche oscillations of the Sea of Azov.
In the next cycle of numerical experiments, we considered the situation when an atmospheric cyclone spreads over the Azov -Black Sea basin. Wind velocity in the cyclone was calculated using the following formula of the gradient wind where P0 is the background value of the atmospheric pressure; δPa is the differential pressure between the cyclone center and periphery; R is the cyclone radius. It was assumed that the wind direction in the near-surface layer of the atmosphere due to friction deviates from the tangents to the isobars by an angle γ = 20° counterclockwise and its velocity is less than the velocity of the gradient wind. Taking into account these assumptions, the components of the wind velocity vector in the near-surface layer of the atmosphere were defined at α = 90° + γ, μ = 0.7, in the following way:
The calculations were carried out under the following cyclone parameters: R = = 300 km, δPa = 10 hPa, x0 = 22°E, y0 = 46.75°N. The cyclone moved eastward along the zonal trajectory (xc = x0 + c t, yc = y0) at a velocity c. The total integration time was 10 days.
Time dependencies Q at various cyclone velocities are shown in Fig. 5 , a -c. Fig. 5, d presents the time dependencies on the total water exchange between the basins:
Since in all the three cases the cyclone trajectory is the same, the curves Q for various values of c are similar -they have the same number of maxima and minima. An increase in the cyclone velocity is manifested in the compression of the curves on the graph along the time axis. Consequently, the time of the cyclone impact on the Kerch Strait water area is reduced. As a result, the total water exchange in the strait weakens, which is manifested in the |QS| decrease.
The final cycle of calculations is devoted to estimations of water exchange through the Kerch Strait for real synoptic situations that took place in the AzovBlack Sea basin., the wind velocity and atmospheric pressure fields from the mesoscale meteorological model WRF (ecobase.org.ua) with a spatial resolution of 7 km and a time resolution of 3 h were used as atmospheric forcing. The calculations were carried out for 5 monthly time intervals with different synoptic conditions. water flux (Fig. 6, b) and the mean currents velocity (Fig. 6, c) occur in phase with variations in projection of wind velocity on the normal to the section (Fig. 6, a) . At that, the mean sea level changes in antiphase with the aforementioned features. Such course of dependencies is common for all 5 time intervals. Conclusion. Calculations of water exchange through the northern narrowness of the Kerch Strait for various types of the atmospheric impact are carried out. The results of numerical modeling of currents and sea level in the entire Azov -Black Sea basin on the non-uniform computational grid concentrated in the strait are used as the input data. Analysis of the calculations allows to draw the following conclusions.
Wind direction θ has a significant effect on water flux value Q. The ranges 60° ≤ θ ≤ 105° and 240° ≤ θ ≤ 285° correspond to the maximum values |Q|, the ranges 165° ≤ θ ≤ 173° and 345° ≤ θ ≤ 353° -to the minimum values |Q|. After wind effect termination in the Kerch Strait seiche oscillations Q with the periods of 10 -12 hours appear.
When the atmospheric cyclone spreads over the Kerch Strait, the intensity of water exchange is defined by its movement speed c. When c decreases, the cyclone effect time on the Kerch Strait water area increases, resulting in the total water exchange intensification through the strait.
Values |Q| for real synoptic conditions can reach 11000-16000 m 3 /s, which is well-matched with the Q calculation results obtained according to the field data.
The calculations were carried out on the computational cluster of Marine Hydrophysical Institute.
